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Description 

Interferons (referred to as I FN hereinafter) so far known can be classified into three groups, i.e. IFN-a, 
IFN-/S and IFN-y. IFN-a is mainly produced from leukocytes, IFN-0 from fibroblasts and IFN-y from T- 
s lymphocytes. These IFNs have been noted as biologically active substances having anti-virus activity, 
activating activities upon natural killer cells and macrophages, antitumor activity, and the like. 

As for IFN-y, there has been a report that it has a stronger cell-inhibiting activity than other IFNs based 
on the experiment using animal cells [B.Y. Rubin and S.L Gupta: Proc. Natl. Acad. ScL, USA, 77, 5928 - 
5932 (1980)]. Furthermore, cloning of an IFN-7 cDNA and determination of its base sequence were recently 
10 reported [P.W. Gray, et al.: Nature 295, 503 (1982), R. Devos, et a!.: Nucleic Acids Research 10, 2487 
(1982)]. 

The present inventors have independently cloned a cDNA coding for a novel IFN-7 wherein, as 
apparent from the base sequence illustrated in Table 1, the ninth amino acid of the mature IFN-y reported 
by Devos, et al., Lysine (Lys) (AAA), is replaced with glutamine (Gin) (CAA). Further, the IFN- 7 cDNA was 
75 incorporated" into vector pKYP-10 having a tryptophan promoter (Japanese Published Unexamined Patent 
Application No. 110600/83) and mass production of the IFN-7 in Escherichia coli has been achieved. 

Thereafter, the present inventors have studied the production of derivatives of IFN-7 polypeptide using 
the IFN-7 cDNA illustrated in Table 1 as a starting material. 

It was reported that deletion of 11 amino acids from the C-terminal of IFN-a decreased specific activity 
20 to one-third [A.E Franke, et al.: DNA 1, 223 - 230 (1982)], whereas addition of 18 amino acids to the N- 
terminal of IFN-a did not change specific activity [R.M. King, et al.: J. Gen. Virol. 54, 1815 - 1818 (1983)]. 

The present inventors have found that deletion of 5 amino acids from the N-terminal of IFN-j3 decreased 
specific activity to about 1/100 [T. Nishi, et al.: DNA 2, 265 - 273 (1983)] and addition of 7 amino acids to 
the N-terminal of IFN-0 decreased specific activity to about 1/10 [S. Itoh, et al.: DNA 3, 157 - 165 (1984)]. 
25 EP-A2 95 350 discloses a human I FN- 7 -like polypeptide. The amino acid sequence thereof is given on 
page 2 of EP-A2 95 350. The amino acid residue at position 9 is a Lys-residue (the derivatives of the 
present invention have a G!n-residue at position 9). 

EP-A2 146 944, a document under Art. 54(3) EPC, discloses five derivatives of the human IFN-7 
polypeptide. All of them have a carboxy-terminus which is identical to the naturally occurring human IFN-7. 
30 Therefore, these derivatives differ from those of the present invention which display a deletion of the amino 
acid positions 138-146. 

The present inventors have constructed a derivative of IFN-7 wherein the third amino acid of IFN-7 
illustrated in Table 1, cysteine (Cys), was replaced by tyrosine (Tyr) (referred to as 3-Tyr-IFN-y hereinafter) 
and found that the specific activity was 2 - 4 times as strong as that of the parent IFN-7. Further, the 

35 derivatives wherein the Cys at the position 1 was replaced by serine (Ser) (l-Ser-IFN-7), the Cys at the 
position 3 was replaced by Ser (3-Ser-(FN-7), the Cys at the positions 1 and 3 were replaced by Ser (1,3- 
Ser-IFN-7) and N-terminal amino acids of IFN-7 illustrated in Table 1 were deleted were constructed. 
Equivalent or higher interferon activity was detected for ail the derivatives compared with the starting IFN-7. 
It has been known that murine mature IFN-7 consists of 136 amino acids, which number is less by 10 

40 than that of amino acids of human IFN- 7l and is more heat-stable than human IFN-7. Murine IFN- 7 has Cys 
at the position 136 as well as at the positions 1 and 3 and these Cys form disulfide bonds in the molecule, 
which are considered to contribute to stabilization of IFN [D. Goeddel, et al.: Proc. Natl. Acad. Sci. USA 80, 
5842- 5846 (1984)]. 

The present inventors have prepared the molecular model of IFN-7 and assumed that the formation of 
45 disulfide bond in the molecule of human IFN-7 was possible by introducing Cys between the positions 135 
and 138 from the N-terminus, preferably at the position 137. Several derivatives of IFN-7 wherein C-terminal 
amino acids were deleted and Met at the position 137 was replaced by Cys have been found to have 
increased heat stability and specific activity. 

The present invention relates to novel derivatives of the human IFN-7 polypeptide which are encoded 
50 by the recombinant plasmid pGVT137 (FEB BP-547), pGNC5 (FERM BP-550) or pGNB4 (TERM BP-549). 
The novel derivatives have high IFN-7 activity and are expected to be useful as drugs such as anti-viral and 
anti-tumor agents. 

Fig. 1 is a flow sheet for the construction of plasmid pGVT137. As the sites for Hinfi and Taql, only those 
which are used for the construction are indicated. 
55 Fig. 2 is a flow sheet for the construction of plasmid pGNC5. As the sites for Taql, only those which are 
used for the construction are indicated. 

Fig. 3 is a flow sheet for the construction of plasmid pGNB4. As the sites for Taql, only those which are 
used for the construction are indicated. 
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Fig. 4 is a flow sheet for the construction of plasmid pGNA3. As the sites for Taql. only those which are 
used for the construction are indicated. 

An object of the present invention is to provide a recombinant plasmid wherein a DNA coding for a 
novel derivative of human IFN-y is incorporated, a microorganism containing the plasmid, a process for 
5 producing a novel derivative of human IFN-y polypeptide using the microorganism and the derivative of 
human IFN-7 polypeptide per se. 

Construction of the recombinant plasmid is carried out using cDNA obtained from messenger RNA 
coding for IFN-7 by recombinant DNA technology or chromosomal DNA coding for IFN-y as a starting 
material. 

10 In the present invention, any human IFN-7 cDNA is employable and pIFNy-G4 is preferably used. 
Escherichia coli containing plFNy-G4 has been deposited with the American Type Culture Collection, USA 
under accession number ATCC 39123. 

The sequence of the IFN-7 DNA in PIFN7-G4 was determined by the method of Maxam and Gilbert 
[Proc. Natl. Acad. Sci. 74, 560 (1977)] and is illustrated in Table 1. 

15 

Table 1 



20 



25 



30 



45 



55 



CACATTGnCTGATDUTTGAAGAT^ 

-20 

net lys tyr thr ser tyr ile leu ala phe gin leu cys ile val leu 
CMCTTCTTrGGCTTAATTCTCTCGGAAACG ATG AAA TAT ACA AGT TAT ATC TTG GCT TTT CAG CTC TGC ATC GTT TTG 

I _ 10 20 

gly ser leu gly CYS TYR CYS GLN ASP PRO TYR VAL EOfl GLU ALA GLlf ASH LEU LYS LYS TYR PHE ASN ALA 



GGT TCT CTT GGC TGT TAC TGC CAG GAC CCA TAT GTA EUl GAA GCA GAA AAC CTT AAG AAA TAT TTT AAT GCA 

1 ^ 40 

GLY HIS SER ASP YAL ALA ASP ASN GLY THR LEU PHE LEU GLY ILE LEU LYS ASN TRP LYS GLU GLU SER ASP 

GGT CAT TCA GAT GTA GCG GAT AAT GGA ACT CTT TTC TTA GGC ATT TTG AAG AAT TGG AAA GAG GAG AGT GAC 

50 60 

ARG LYS ILE MET GLN SER GLN ILE VAL SER PHE TYR PHE LYS LEU PHE LYS ASN PHE LYS ASP ASP GLN SER 

AGA AAA ATA ATG CAG AGC CAA ATT GTC TCC TTT TAC TTC AAA CTT TTT AAA AAC TTT AAA GAT GAC CAG AGC 

70 80 90 

35 ILE GLN LYS SER VAL GLU THR ILE LYS GLU ASP MET ASN VAL LYS PHE PHE ASN SER' ASN LYS LYS LYS ARG 

ATC CAA AAG AGT GTG GAG ACC ATC AAG GAA GAC ATG AAT GTC AAG TTT TTC AAT AGC AAC AAA AAG AAA CGA 

100 no 

ASP ASP PHE GLU LYS LEU THR ASN TYR SER VAL THR ASP LEU ASN VAL GLN ARG LYS ALA ILE HIS GLU LEU 

GAT GAC TTC GAA AAG CTG ACT AAT TAT TCG GTA ACT GAC TTG AAT GTC CAA CGC AAA SCA ATA CAT GAA CTC 

140 



120 130 
ILE GLN VAL- MET ALA GLU LEU SER PRO ALA ALA LYS THR GLY LYS ARG LYS ARG SER GLN MET LEU PHE 
ATC CAA GTG ATG GCT GAA CTG TCG CCA GCA GCT AAA ACA GGG AAG CGA AAA AGG AGT CAG ATG CTG TTT 



m 

DLL 
W 
146 

GLY ARG ARG ALA SER GLN , „ ^ , , m . jrj - JI1 , , ,., 

GGT CGA AGA GCA TCC CAG TAA TG GTTGTCCTG CCTG CMTATnGMTTnAMTCTAMTCTATFTAnAATATTTAACAnATTTA 



TATGGGGAATATATTTTOGACTCATCMTCAA^ 
so TTTATAATTCCTATATCCTGTGACTGTCTCAOT 
CCAACTAGGCAGCCWCCTAAGCAAGATC^ 



AGTTACTA CCCCCCC 
J 
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Comparison of the human IFN-y cDNA in p!FN-rG4 and the known IFN-y cDNA [Ft. Devos, et al.: 
Nucleic Acids Research, 10, 2487 (1982)] reveals the following. The first base of the triplet coding for the 
ninth amino acid from the"N-terminal of the mature human IFN-y polypeptide., lysine, in the known cDNA is 
adenine (A) [R. Devos, et al.: Nucleic Acids Research. 10, 2487 (1982)]. On the other hand, as the 

5 corresponding base in the~plF!VG4 cDNA is cytosine (C), the ninth amino acid from' the N-terminal of the 
human IFN-y polypeptide encoded by the plFN-rG4 cDNA is glutamine, and not lysine. Therefore, it is 
apparent that plFN-y-G4 codes for a novel human IFN-7 polypeptide. 

Derivatives of IFN-7 obtained by deletion or replacement of amino acids of IFN-7 illustrated in Table 1 
are also novel IFN-7 derivatives. 

70 As the plasmid to incorporate a DNA coding for IFN-7 derivative, any plasmid can be used so long as 
the DNA incorporated therein can be expressed in Escherichia coli. Preferably, a plasmid wherein a foreign 
DNA can be inserted downstream from a suitable promoter such as tryptophan promoter (Ptrp), lac 
promoter or P L promoter of X phage and the length between Shine-Dalgarno sequence (referred to as SD 
sequence hereinafter) and initiation codon (ATG) is adjusted, for example, to 6 - 18 base pairs is employed. 

rs Preferred examples are pKYPIO, pKYP11 and pKYP12 which were constructed by the present inventors 
(Japanese Published Unexamined Patent Application No. 110600/83). 

As illustrated in Fig. 1, pGBD1 (Reference Example 1) is cleaved with BamHI and Taql, and the digest 
is purified by polyacrylamide gel electrophoresis [A.M. Maxam, et al.: Proc. Natl. Acad. Sci. USA 74, 560 
(1977)] to obtain a DNA fragment of about 310 base pairs (referred to as bp hereinafter). 

20 ' Then, pGKA2 (Reference Example 2) is cleaved with Hindlll and Hinfl, and a DNA fragment of about 
400 bp containing a large portion of the IFN-7 structural gene is obtained by polyacrylamide gel 
electrophoresis. 

pKYPIO (Japanese Published Unexamined Patent Application No. 110600/83) is cleaved with Hindlll 
and BamHI to obtain a DNA fragment of about 4.3 Kb containing a tryptophan promoter. Separately, in 
25 order to obtain an IFN-y derivative wherein the amino acid at the position 137 of mature human lFN--y 
polypeptide, Met, is replaced by Cys and the amino acids at the positions 133 - 146 are deleted, the DNA 
linker illustrated below is synthesized. 



30 



35 



Hinfl 135 136 137 Bglll TagI 
Ser Gin Cys t«ad.n*eioa 
5 1 AGTCAGTGCTAA |g A T C T T 



GTCACGATTCTAG 



A A G C 



3' 

i 5 ' 



The purified DNA fragments and the synthetic DNA linker are ligated with T4 DNA ligase to obtain the 
recombinant plasmid pGVT137 illustrated in Fig. 1. The plasmid codes for the IFN- 7 derivative [137-Cys- 
IFN-7 (A1 38-1 46)] which has Cys as the amino acid at the position 137 and does not have the amino acids 

40 at the positions 1 38 - 1 46. 

Then, in order to construct the recombinant pGNC5 coding for the derivative [1-Ser-137-Cys-IFN- 7 - 
(A1 38-1 46)]. pGVL10 (Reference Example 4) is cleaved with Hindlll and Taql and a DNA fragment of about 
300 bp is obtained. Separately, pGVT137 DNA obtained in Example 1 is cleaved with Bglll and TagI, and 
Hindlll and Bglll, respectively to obtain DNA fragments of about 130 bp and about 4.6 Kb. The DNA 

45 fragments are ligated with T4 DNA ligase to obtain the recombinant plasmid pGNCS illustrated in Fig. 2. 

The recombinant plasmid pGNB4 coding for 3-Ser-137-Cys-IFN- 7 (A138-146) and the recombinant 
plasmid pGN A3 'coding for 1,3-Ser-137-Cys-IFN- 7 (A138-146) are constructed by the same method as 
described above except that the plasmids pGVM101 (Fig. 3) and pGVK13 (Fig. 4) are respectively used as 
the source of DNA coding for the N-terminal region of IFN- 7 . 

50 Reaction conditions required for the recombinant DNA technology described above are generally as 
follows. 

Digestion of the DNA v/ith restriction enzymes is usually carried out by reacting 0.1 to 20 ^g of DNA 
with 0.1 - 100 units, preferably 1 - 3 units of restriction enzyme per 1 fig of DNA in a mixture of 2 - 200 
mM, preferably 10 - 40 mM Tris-HCI (pH 6.0 - 9.5, preferably pH 7.0 - 8.0), 0 - 200 mM NaCI and 2 - 20 
55 mM, preferably 5 - 10 mM MgCI 2 at 20 - 70* C (optimal temperature depends on^restriction enzymes used) 
for 15 minutes to 24 hours. Reaction is usually stopped by heating at 55 - 75° C for 5 - 30 minutes, or 
alternatively by inactivating the restriction enzyme with a reagent such as phenol or diethylpyrocarbonate. 
Purification of the DNA fragments formed by digestion with restriction enzymes is carried out by low- 
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gelling-temperature agarose gel electrophoresis [L Wieslanden Analytical Biochemistry 98, 305 (1979), 
hereinafter referred to as LGT method] or polyacrylamide gel electrophoresis. ~~ 

Ligation of the DNA fragments is carried'out with 0.3 - 10 units of T4 DNA ligase in a mixture of 2 - 200 
mM, preferably 10 - 40 mM Tris-HCI (pH 6.1 - 9.5, preferably 7.0 - 8.0), 2 - 20 mM, preferably 5 - 10 mM 
s MgCI 2 , 0.1 - 10 mM, preferably 0.5 - 2.0 mM ATP and 1 - 50 mM, preferably 5 - 10 mM dithiothreitol at 1 - 
37" C, preferably 3 - 20* C for 15 minutes to 72 hours, preferably, 2 - 20 hours. The recombinant plasmid 
DNA formed by the ligation reaction is introduced into Escherichia cofi by the transformation method of 
Cohen, et al. [S.N. Cohen, et ah: Proc. Natl, Acad. Sci. USA 69, 2110~(1972)] J if necessary. Isolation of the 
recombinant plasmid DNA from Escherichia coli carrying the DNA is carried out by the method described in 
w Example 1 or the method of Birnboim, et aT~[H.C. Birnboim, et al.: Nucleic Acids Res. 7, 1513 (1979)]. 
Plasmid DNA is digested with 1-10 kinds of restriction endonucleases and the cleavage sites are 
examined by agarose gel electrophoresis or polyacrylamide gel electrophoresis. Further, rf necessary, the 
sequence of the DNA is determined by the method of Maxam-Gilbert [Proc. Natl. Acad. Sci. 74, 560 (1977)- 
]. ~ 
?5 The recombinant plasmids can be prepared under the above-described conditions. 

The derivative of IFN-7 polypeptide of the present invention is produced by the following method. 
That is, Escherichia coli K-.12 HB101 is transformed with a plasmid such as pGVA4 and an Escherichia 
coli strain carrying pGVATTs selected from the ampicillin resistant (referred to as Ap R hereinafter) colonies. 
The Escherichia coll strain carrying pGVA4 is cultured in a medium to produce a derivative of IFN-7 
20 polypeptide in theTnedium. 

As the medium, either a synthetic medium or a natural medium can be used as long as it is suitable for 
the growth of Escherichia coli and the production of the derivative of IFN-7 polypeptide. 

As a carbon source, glucose, fructose, lactose, glycerol, mannitol, sorbitol, etc. may be used. 
As a nitrogen source, NH*CI, (Nr-U^SO*. casamino acid, yeast extract, polypeptone, meat extract, 
25 Bacto-trypton, corn steep liquor, etc. may be used. 

In addition, nutrients such as K2HPO4, KH2PO4, NaCI, MgSCU, vitamine B1 and MgCI 2 may be used. 
Culturing is carried out at pH 5.5 - 8.5 and at 18 - 40* C with aeration and stirring. 
After culturing for 5 - 90 hours, the derivative of human IFN-7 polypeptide is accumulated in cultured 
cells. The collected cells are treated with lysozyme, disrupted by repeated freezing and thawing and 
30 subjected to centrifugation. The thus obtained supernatant fluid is subjected to extraction according to a 
conventional method for extraction of polypeptides to recover the polypeptide. 

Determination of the human IFN-7 activity is carried out according to the method of Armstrong [J.A. 
Armstrong, et al.: Appl. Microbiol. 21_, 723 - 725 (1971 )]. 

Certain specific embodiments of the present invention are illustrated by the following examples. 

35 

Example 1 



40 Construction of recombinant plasmid pGVT137 coding for 137-Cys-lFN- 7 (A1 38-1 46): 

In this step, 10 fig of pGBD1 DNA obtained in Reference Example 3 was dissolved in 50 pi (total 
volume) of a solution consisting of 20 mM Tris-HC (pH 7.5), 10 mM MgCI 2 /10 mM dithiothreitol and 100 
mM NaCI (referred to as "Y-100 buffer solution" hereinafter). Then, 20 units of restriction enzyme BamHI 

45 (product of Takara Shuzo Co., the restriction enzymes hereinafter are all products of Takara Shuzo Co. 
unless otherwise specified) was added and digestion reaction was carried out at 37 "C for 3 hours. 
Subsequently, 20 units of restriction enzyme Taql was added and digestion reaction was carried out at 
65 C for 2 hours. About 0.5 fig of a DNA fragment of about 310 bp containing 3' non-translational region 
was obtained from the reaction solution by polyacrylamide gel electrophoresis. 

so Separately. 10 //g of pGKA2 DNA obtained in Reference Example 2 was dissolved in 50 fit (total 
volume) of Y-100 buffer solution and 20 units each of restriction enzymes Hind! 1 1 and Hinfl were added to 
the solution. Digestion reaction was carried out at 37* C for 3 hours. A DNA fragment of about 400 bp 
containing a large portion of the IFN-7 structural gene was obtained from the reaction solution by 
polyacrylamide gel electrophoresis. 3 fig of pKYP10 DNA prepared by the method described in Japanese 
' 55 Published Unexamined Patent Application No. 110600/83 was dissolved in 40 pi (total volume) of Y-100 
buffer solution and 6 units each of restriction enzymes Hindlll and BamHI were added to the solution. 
Digestion reaction was carried out at 37* C for 3 hours. 1.8 fig of a DNA fragment of about 4.3 Kb 
containing a tryptophan promoter (Ptrp) was obtained from the reaction solution by LGT method. Sepa- 
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raiely. in order to change the 137th amino acid (Met) of the mature human IFN-7 polypeptide to Cys and to 
furnish a terminal codon (TAA) necessary for the termination of expression immediately after the 137th Cys. 
the following DNA linker was synthesized. 



10 



Hinfl 135 136 137 Bglll TaqI 
Ser Gin Cys craia*tion 
A G T C A G |T G C| TAA |g A T C T T 



3 r GTCACGATTC TAG AA 



G Cjs 1 



18-mer 
17-mer 



75 



20 



25 



Two single chain DNAs of 18-mer and 17-mer were synthesized by a conventional triester method [R. 
Crea, et al.: Proc. Natl. Acad. ScL, USA, 75, 5765 (1978)]. Then, 2 jig each of the 18-mer and 17-mer DNAs 
were aTsiolved in 40 fit (total volume) of a solution containing 50 mM Tris-HCI (pH 7.5), 10 mM MgCI 2l 5 
mM dithiothreitoi, 0.1 mM EDTA and 1 mM ATP. 30 units of T4 polynucleotide kinase (product of Takara 
Shuzo Co.) was added and phosphorylation reaction was carried out at 37° C for 60 minutes. 

Then, 0.5 pg of the Taql-BamHI fragment of about 310 bp derived from pGBDl, 0.5 /ig of the Hindlll- 
Hinfl fragment of about 400 bp derived from pGKA2 and 1.0 pg of the Hindlll-BamHI fragment of about 4.3 
Kb of the expression vector pKYP10 which were obtained above were dissolved in 25 pi of T4 ligase buffer 
solution. About 0.1 pg of the DNA linker mentioned above was added to the mixture, followed by addition of 
6 units of T4 DNA ligase. Ligation reaction was carried out at 4' C for 17 hours. 

• Escherichia coii HB101 was transformed using the resulting recombinant plasmid mixture to obtain an 
Ap R colony. PlasmTd pGVT137 illustrated in Fig. 1 was i£".'ated from the culture broth of the colony. The 
structure of pGVT137 was confirmed by the digestion with EcoRI, Clal, Bglll and BamHI and agarose gel 
electrophoresis. It was confirmed by the method of Maxam-Gilbert [A.M. Maxam, et al.: Proc. Natl. Acad. 
Sci., USA, 74. 560 (1977)] that the DNA sequence of the Hinfl-Taql fragment in the plasmid pGVT137 was 
as follows. ~~ 
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Hinfl 135 136 137 Bglll TaqI 
Ser Gin Cys tawination 
AGTCAGTGCTAAG A T C T T 



GTCACGATT C T A g| A A G cj 



40 



.45 



The human IFN-7 polypeptide derivative encoded by pGVT137 [the derivative is named 1 37-Cys-IFM-y- 
(M 38-1 46)] is clearly different from the known human IFN-7 polypeptide in that the 137th amino acid (Met) 
of the mature human IFN- 7 is replaced with Cys and the 9 amino acids from the C-terminal 138th amino 
acid (Leu) to the 146th amino acid (Gin) are deleted. 

Escherichia coii strain carrying plasmid pGVT137 has been deposited with the Fermentation Research 
Institute, Agencyof Industrial Science and Technology (referred to as FRI hereinafter) as Escherichia coll 
IGVT137 (FERM BP-547). 



Example 2 



50 



55 



Construction of recombinant plasmid pGNC5 coding for 1-Ser-137-Cys-IFN- 7 (A1 38-1 46): 

In this step, 10 pg of pGVLIO DNA obtained in Reference Example 4 was dissolved in 50 pi of Y-100 
buffer solution. 20 units of restriction enzyme Hindlll was added and digestion -reaction was carried out at 
37" C for 3 hours. Then, 20 units of restriction enzyme Tagl was added and digestion reaction was carried 
out at 65 °C for 2 hours. About 0.5 pg of a DNA fragment of about 300 bp containing the 5' terminal region 
of the IFN-7 structural gene was obtained from the reaction solution by polyacrylamide gel electrophoresis. 

Separately, 10 ^g of pGVT137 DNA obtained in Example 1 was dissolved in 50 pi of Y-100 buffer 
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JO 



15 



20 



25 



solution and 20 units of restriction enzyme Bgiil was added. Digestion reaction was carried out at 37* C for 
3 hours. Then, 20 units of restriction enzyme Tagl was added and digestion reaction was carried out at 
65* C for 2 hours. About 0.4 pg of a DNA fragment of about 130 bp containing the 3* terminal region of the 
IFN-7 structural gene was obtained from the reaction solution by polyacrylamide gel electrophoresis. 

Separately, 5 pg of piasmid pGVT137 DNA was dissolved in 50 pi of Y-100 buffer solution and 10 units 
each of restriction enzymes Hindlll and Bglll were added. Digestion reaction was carried out at 37* C for 3 
hours. 

About 2.0 pq of a DNA fragment of about 4.6 Kb containing the 3' non-translationaJ region and Ptrp was 
obtained from the reaction solution by LGT. method. 

Then, 0.4 pg of the Hindlll-Tagl fragment (about 300 bp) derived from pGVL10, 0.5 pg of the Bglll-Tagl 
fragment (about 130 bp) derived from pGVT137 and 1.0 pg of the Hindlll-Bglll fragment (about 4.6 Kb) 
derived from the same piasmid which were obtained above were dissolved in 25 p I of T4 DNA ligase buffer 
solution. 6 units of T4 DNA ligase was added and ligation reaction was carried out at 4* C for 17 hours. 

Escherichia coli HB101 strain was transformed with the resulting recombinant piasmid mixture to obtain 
an Ap H colony. 

Piasmid pGNC5 illustrated in Fig, 2 was isolated from the culture broth of the colony. The structure of 
pGNC5 was confirmed .by the .digestion with Hindlll, EcoRI, Bglll, Clal and Bam HI and agarose gel 
electrophoresis. It was confirmed by the method of Maxam-Gilbert that the DNA sequence of the Hindlll-Sinl 
fragment in pGNC5 was as followsT 

Sinl 

'Hindlll Met Ser Tyr Cys Gin j Asp 

[agct t atgtcttactgccaggac 



1 



1 



and the DNA sequence of the Hinfl-TaqI fragment was as follows: 



35 



Hinfl 

135 136 137 
Ser Gin Cys ei«ia*ti« 
A GT CAGTGCTAA 



Bglll 



TaqI 



1 



G A T C T T 



1 



40 



The human IFN-7 polypeptide derivative encoded by pGNC5 [the derivative is named 1-Ser-137-Cys- 
IFN-y(A138-146)] is clearly different from the known human IFN-7 polypeptide in that the first amino acid 
(Cys) of the mature human IFN-7 is replaced with Ser, the 137th amino acid (Met) is replaced with Cys and 
the 9 amino acids from the C-terminal 138th amino acid (Leu) to 146th amino acid (Gin) are deleted. 
Escherichia coli strain carrying piasmid pGNC5 has been deposited with FRI as Escherichia coli IGNC5 
(FERM BP-550). 



45 Example 3 

Construction of recombinant piasmid pGNB4 coding for 3-Ser-137-Cys-IFN-7(A138-146): 

so In this step, 10 ^g of pGVM101 DNA obtained in Reference Example 5 was dissolved in 50 pi of Y-100 
buffer solution. 20 units of restriction enzyme Hindlll was added and digestion reaction was carried out at 
• 37* C for 3 hours. Then, 20 units of restriction enzyme TaqI was added and digestion reaction was carried 
out at 65" C for 2 hours. About 0.5 ftg of a DNA fragment of about 300 bp containing the 5* terminal region 
of the IFN-7 structural gene was obtained from the reaction solution by polyacrylamide gel electrophoresis. 

55 Separately, 10 pQ of pGVTl37 DNA obtained in Example 1 was dissolved in 50 pi of Y-100 buffer 
solution and 20 units of restriction enzyme Bglll was added. Digestion reaction was carried out at 37 "C for 
3 hours. Then, 20 units of restriction enzyme Tagl was^ added and digestion reaction was carried out at 
65* C for 2 hours. About 0.4 fig of a DNA fragment of about 130 bp containing the 3* terminal region of the 
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IFN-y structural gene was obtained from the reaction solution by polyacrylamide gel electrophoresis. 

Separately, 5 P g of plasmid pGVT137 DNA was dissolved in 50 fit of Y-100 buffer solution and ^10 units 
each of restriction enzymes Hindlll and Bglll were added. Digestion reaction was carried out at 37 # C for 3 
hours. 

5 About 2.0 fig of a DNA fragment of about 4.6 Kb containing the 3' non-translational region and Ptrp was 
obtained from the reaction solution by LGT method. 

Then, 0.4 g of the Hindlll-Taql fragment (about 300 bp) derived from pGVM101, 0.5 pg of the Bglll-Taql 
fragment (about 130 bp) derived from pGVT137 and 1.0 P g of. the Hindlll-Bglll fragment (about 4.6 Kb) 
derived from the same plasmid which were obtained above were dissolved in 25 ft I of T4 DNA ligase buffer 
70 solution. 6 units of T4 DNA ligase was added and ligation reaction was carried out at 4° C for 17 hours. 

Escherichia coii HB101 strain was transformed with the resulting recombinant plasmid mixture to obtain 
an Ap K colony. 

Plasmid pGNB4 illustrated in Rg. 3 was isolated from the culture broth of the colony. The structure of 
pGNB4 was confirmed by the digestion with Hindlll. EcoRl, Bglll, Clal and BamHI and agarose gel 
is electrophoresis. It was confirmed by the method of Maxam-Gilbert that the DNA sequence of the Hindlli-Sinl 
fragment in pGNB4 was as follows: 



SinI 



20 Hindlll • Met Cys Tyr Ser Gin 

Iagcttatgtgctactctcag 



Asp 
G A C 



l . . 1 



25 and the DNA sequence of the Hinfl-Taql fragment was as follows: 



30 



35 



40 



Hinfl Bglll TaqI 

135 136 137 
Ser Gin Cys t«r*in*tion 
AGTCAGTGCTAA Ig A T C T T IC G 



1 



1 



- The human IFN- 7 polypeptide derivative encoded by pGNB4 [the derivative is named 3-Ser-137-Cys- 
IFN- 7 (A1 38-1 46)3 is clearly different from the known human IFN-y polypeptide in that the third amino acid 
(Cys) of the mature human IFN-y is replaced with Ser, the 137th amino acid (Met) is replaced with Cys and 
the 9 amino acids from the C-terminal 138th amino acid (Leu) to 146th amino acid (Gin) are deleted. 
Escherichia coli strain carrying plasmid pGNB4 has been deposited with FRI as Escherichia coli IGNB4 
(FERM BP-549)". 



Example 4 

45 

Construction of recombinant plasmid pGNA3 coding for 1,3-Ser-137-Cys-IFN-7(A13B-146): 

In this step, 10 fig of pGVK13 DNA obtained in Reference Example 6 was dissolved in 50 fit of Y-100 
50 buffer solution. 20 units of restriction enzyme Hindlll was added and digestion reaction was carried out at 
37* C for 3 hours. Then, 20 units of restriction enzyme Tagl was added and digestion reaction was carried 
out at 65° C for 2 hours. About 0.5 fig of a DNA fragment of about 300 bp containing the 5' terminal region 
of the IFN-y structural gene was obtained from the reaction solution by polyacrylamide gel electrophoresis. 
Separately, 10 fig of pGVT137 DNA obtained in Example 1 was dissolved in 50 pi of Y-100 buffer 
55 solution and 20 units of restriction enzyme Bglll was added. Digestion reaction was carried out at 37° C for 
3 hours. Then, 20 units of restriction enzyme Tagl was added and digestion reaction was carried out at 
65* C for 2 hours. 0.4 of a DNA fragment of about 130 bp containing the 3' terminal region of the IFN- 7 
structural gene was obtained from the reaction solution by polyacrylamide gel electrophoresis. 
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10 



15 



Separately, 5 pg of plasmid pGVT137 DNA was dissolved in 50 pi of Y-100 buffer solution and 10 units 
each of restriction enzymes Hindlli and Bglll were added. Digestion reaction was carried out at 37* C for 3 
hours. 

About 2.0 pQ of a DNA fragment of about 4.6 Kb containing the 3' non-transiaiionai region and Ptrp was 
obtained from the reaction solution by LGT method. 

Then, 0.4 pg of the Hindlll-Taql fragment (about 300 bp) derived from pGVK13. 0.5 pg of the Bglli-Tag! 
fragment (about 130 bp) derived from pGVT137 and 1.0 pg of the Hindill-Bglll fragment (about 4.6 Kb) 
derived from the same plasmid which were obtained above were dissolved in 25 pi of T4 DNA ligase buffer 
solution. 6 units of T4 DNA ligase was added and ligation reaction was carried out at 4* C for 17 hours. 

Escherichia coli HB101 strain was transformed with the resulting recombinant plasmid mixture to obtain 
an Ap M colony. 

Plasmid pGNA3 illustrated in Fig. 4- was isolated from the culture broth of the colony. The structure of 
pGNA3 was confirmed by the digestion with Hindlli, EcoRI, Bglll, Clai and BamHI and agarose gel 
electrophoresis, it was confirmed by the method of Maxam-Gilbert that the DNA sequence of the Hindlll-Sinl 
fragment in pGNA3 was as follows: 



20 



SinI 



Hindlli • Met Ser Tyr Ser- Gin 

|a G C T^ T ATGTCTTACTCTCAG 



Asp 
GAG 



til / 

25 and the DNA sequence of the Hinfl-Taql fragment was as follows: 



1 



30 



35 



AO 



f HinfI Bglll TaqI 

135 136 137 
Ser Gin Cys t« mi nation 
AGTCAGTGCTAA GATC T T C G 

1 1 

The human IFN- 7 polypeptide derivative encoded by pGNA3 [the derivative is named 1,3-Ser-137-Cys- 
IFN-7 (A1 38-1 46)] is clearly different from the known human IFN-y polypeptide in that the first and third 
amino acids (Cys) of the mature human IFN-y are replaced with Ser, the 137th amino acid (Met) is replaced 
with Cys and the 9 amino acids from the C-terminal 138th amino acid (Leu) to 146th amino acid (Gin) are 
deleted. Escherichia coli strain carrying plasmid pGNA3 has been deposited with FRI as Escherichia coli 
IGNA3 (FERM BP-548)T 



Example 5 

45 

Production of IFN-7 derivatives by Escherichia coli strains carrying pGVT137, pGNC5,pGNB4 and pGNA3: 

Escherichia coli HB101 strains carrying recombinant plasmids pGVT137, pGNC5, pGNB4 and pGNA3 
so obtained in Examples 1 - 4, which are named IGVT137, IGNC5, IGNB4 and IGNA3 respectively, were 
cultured at 37* C for 18 hours in LG medium (10 g of trypton, 5 g of yeast extract, 5 g of NaCI, 2 g of 
glucose, 1 1 of water, adjusted to pH 7.0 with NaOH). 0.2 ml of the culture broth was inoculated into 10 ml 
of MCG medium (0.6% Na 2 HPO*. 0.3% KH2PO4, 0.5% NaCI, 0.1% NH4CI, 0.5% glucose, 0.5% casamino 
acid, 1 mM MgS0 4 , 4 pg/mi viiamine Bt, pH 7.2) and culturing was carried out at 30* C for 4 - 8 hours.' 
55 Then, 10 pg/mi indolylacrylic acid (referred to as IAA hereinafter) which is an inducer of tryptophan was 
added and culturing was continued for 2 - 12 hours. The culture broth was centrifuged at 8,000 rpm for 10 
minutes and the cells harvested were washed with a buffer solution containing 30 mM NaCI and 30 mM 
Tris-HCI (pH 7.5). Washed cells were suspended in 1 ml of the buffer solution described above and 5 pi of 
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a solution containing 200 fi g of lysozyme and 0.25M EDTA (ethylenediamine tetraacetic acid) was added. 
The mixture was allowed to stand at 0*C for 30 minutes and freezing and thawing were repeated three 
times to disrupt the cells. The disrupted cells were cerrtrifuged at 15,000 rpm for 30 minutes to obtain a 
supernatant fluid. The amount of interferon in the supernatant was determined according to the method of 
5 Armstrong [J A Armstrong, et al.: Appl. Microbiol. 21, 723 - 725 (1971)], wherein Sindvis virus was used as 
the virus and FL ceils derived from human amnion cells were used as the animal cells. The results are 
shown in Table 2. 



Table 2 

w 

Product encoded IPN-y 
Strain Plasmid by fche plasmid (units/m£) 

T5 



20 



25 



IGVT137 


pGVT137 


137-Cys-IFN-Y 


8 


X 


104 






(A138-146) 








IGNA3 


pGNA3 


1,3-Ser-137-Cys-IFN-Y 


8 


X 


105 






(A138-146) 








IGNB4 


pGNB4 


3-Ser-137-Cys-IFN-Y 


1 


x 


10 6 






(A138-146) 








IGNC5 


pGNC5 


l-Ser-137-Cys-IFN-Y 


5 


X 


10 5 






(A138-146) 








IGKA.2 


pGKA2 ■ 


IFN-y 


2 


X 


10« 



IGKA2 is a strain carrying plasmid pGKA2 coding 

for IFN-y. 



35 

Example 6 



Experiment on heat stability of IFN-y derivatives; 137-Cys-l FN- 7 ( A1 38-146), 1-Ser-137-Cys-1FN- 7 (A138- 
40 1 46), 3-Ser-137-Cys-IFN- 7 (A1 38-146) and 1 ,3-SeM 37-Cys-!FN- 7 (A138-146): 

Escherichia coli HB101 strains carrying recombinant plasmids pGVT137, pGNC5, pGNB4 and pGNA3 
obtained in Examples 1 - 4, which are named IGVT137, IGNC5, IGNB4 and IGNA3 respectively, were 
cultured at 37* C for 18 hours in LG medium. 0.2 ml of the culture broth was inoculated into 10 ml of 
45 MCG medium and culturing was carried out at 30 " C for 4 - 8 hours. Then, 10 ^g/ml IAA was added and 
culturing was continued for 2 - 12 hours. The culture broth was centrifuged at 8,000 rpm for 10 minutes and 
the cells harvested were washed with 30 mM Tris-HCI (pH 7.5) buffer solution containing 30 mM NaCI. 
Washed cells were suspended in 1 ml of the buffer solution described above and 5 of a solution 
containing 200 fig of lysozyme and 0.25M EDTA was added. The mixture was allowed to stand at 0° C for 
so 30 minutes and freezing and thawing were repeated three times to disrupt the cells. The disrupted ceils 
were centrifuged at 15,000 rpm for 30 minutes to obtain a supernatant fluid. 

The supernatant was heated at 50° C for one hour and the anti-viral " activity of interferon was 
determined according to the method of Armstrong to measure the residua! activity (%). 
The results are shown in Table 3. 

55 
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Table 3 



20 



Strain 


Plasmid 


Product encoded 
by the plasmid 


Residual activity 
after heat treatment 
at 50°C for 1 hour (%) 


IGVT137 


pGVT137 


137-Cys-IFN-Y 


81 






(A138-146) 




IGNC5 


pGNCS 


l-Ser-137-Cys- 


86 






IFN-y(A138-14€) 




IGNB4 


pGNB4 


3-Ser-137-Cys- 


98 






IPN-y(A138-146) 




IGNA3 


pGNA3 


1,3-Ser-137-Cys- 


23 






IPN-y (A138-146) 




IGKA2 


pGKA2 


IFN-y 


25 



25 

Reference Example 1 



30 Insertion of human IFN- 7 DNA into the expression vector pKYP1 1: 

In this example, 6 ^g of piasmid plFNy-G4 (3.6 Kb) was dissolved in 50 til (total volume) of a solution 
containing 20 mM Tris-HCI (pH 7.5),10 mM MgCI 2 , 10 mM dithiothreito! and 50 mM NaCL Then, 12 units 
each of restriction enzymes Pvull and Hindlll were added and digestion reaction was carried out at 37* C for 
35 4 hours. The reaction solution was heated at 65' C for 7 minutes to inactivate the enzymes and subjected to 
purification by LGT method to obtain 1.2 ^g of a DNA fragment of 1.3 Kb containing human IFN- 7 DNA. 

Separately, 4 pg of pKYP11 was dissolved in 40 (il (total volume) of a solution containing 20 mM Tris- 
HCI (pH 7.5), 10 mM MgCI 2 10 mM dithiothreitol and 50 mM NaCI. 8 units of BamHI was added and 
digestion reaction was carried out at 37 "C for 3 hours. The reaction solution was heated at 65 *C for 5 
40 minutes to inactivate the enzyme. Thereafter, 30 pM each of dATP, dCTP, dGTP and dTTP were added and 
8 units of Escherichia coli DNA polymerase I (Klenow fragment, product of New England Biolabs, 1 was 
added. Fill-in reaction was carried out at 15* C for one hour and the reaction solution was heated at 68* C 
for 15 minutes to jnactivate DNA polymerase I, 10 units of Hindlll was added and digestion reaction was 
carried out at 37* C for 3 hours, followed by heating at 65 "C for 5 minutes to inactivate Hindlll. The 
45 digestion reaction solution of the plasmid pKYP1 1 was subjected to purification by LGT method to obtain 
about 2.5 fig of a DNA fragment of about 4.7 Kb containing P trp . 

Then, 0.5 pQ of the DNA fragment of 1.3 Kb containing human IFN-7 DNA and 1.0 fig of the DNA 
fragment of about 4.7 Kb containing Ptrp, which was obtained from the plasmid pKYP11, were dissolved in 
20 pL of a solution containing 20 mM Tris-HCI (pH 7.5), 6 mM MgCI 2 , 5 mM dithiothreitol and 500 fiM ATP, 
50 and 4 units of T4 DNA ligase was added. Ligation reaction was carried out at 4* C for 18 hours, and 
Escherichia coli HB101 was transformed with the resulting recombinant plasmid mixture by conventional 
technique to obtain an Ap R colony. Plasmid pGC7 was separated from the culture broth of the colony. The 
structure of pGC7 was confirmed by the digestion with Hindlll, Hpal, Sail, EcoRI and Clal and agarose gel 
electrophoresis. Escherichia coli strain containing pGC7 has been deposited with FRI as Escherichia coli 
55 IGC7 (FERM BP-497). [ 



Reference Example 2 
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Construction of recombinant piasmid pGKA£ 

In this example, 6 ?q of the pGC7 DNA obtained in Reference Example 1 was dissolved in 50 pi (total 
volume) of a solution containing 20 mM Tris-HCI (pH 7.5), 10 mM MgCI 2l 10 mM drthiothrertol and 10 mM 
NaCI. and 12 units of BstNI (product of New England Biolabs) was added. Reaction was carried out at 60* C 
for 3 hours, and the reaction solution was heated at 65° C for 5 minutes to inactivate BstNI. Then, NaCI was 
added to a final concentration of 150 mM and 8 units of Sail was added. Digestion reaction was carried out 
at 37 C for 3 hours. The reaction solution was again heated at 65 °C for 5 minutes to inactivate Sail and 
subjected to purification by LGT method to obtain about 0.8 of a DNA fragment of about 1,125 bp 
containing a large portion of the human IFN-y DNA. 

Separately, 3 P g of pKYP10 was dissolved in 40 pi (total volume) of a solution containing 20 mM Tris- 
HCI (pH 7.5), 10 mM MgCI 2 , 10 mM dithiothreitol and 100 mM NaCI. 6 units each of Hindlll and Sail were 
added and digestion reaction was carried out at 37* C for 3 hours. The reaction solution was heated at 
65 -C for 5 minutes to inactivate Hindlll and Sail and subjected to purification by LGT method to' obtain 
about 1.8 fig of a DNA fragment of about 4.1 Kb containing P trp . 

The N-terminal amino acid of the mature human IFN-y polypeptide is Cys. In order to express mature 
IFN-7 DNA, it is necessary to furnish an initiation codon (ATG) just before the 5-terminal codon TGT (Cys) 
and further to adjust the length between SD-sequence downstream from P trp and ATG to a suitable length 
of 6-18 bp. Therefore, the following DNA linker was synthesized. 



Two single chain DNAs of 18-mer and 15-mer were synthesized by a conventional triester method. 
Then, 2 fig each of the 18-mer and 15-mer DNAs were dissolved in 20 /U (total volume) of a solution 
containing 50 mM Tris-HCI (pH 7.5), 10 mM MgCI 2 , 5 mM dithiothreitol, 0.1 mM EDTA and 1 mM ATP. 30 
units of T4 polynucleotide kinase (product of Boehringer Mannheim GmbH) was added and phosphorylation 
reaction was carried out at 37° C for 60 minutes. 

Then, 2 /ig each of phosphorylated 18-mer and 15-mer DNAs were mixed and the mixture was heated 
at 70 C for 5 minutes and allowed to stand at room temperature for annealing to obtain the DNA linker 
having the structure given above. 

0.4 fig of the BstNI-Sall fragment of 1 ,1 25 bp obtained above and derived from pGC7 and 1 .0 fig of the 
DNA fragment of 4.1 Kb obtained by digestion of the expression vector pKYPIO with Hindlll and Sail were 
dissolved in 25 fit (total volume) of a solution containing 20 mM Tris-HCI (pH 7.5), '6 mM MgCI 2 . 5 mM 
dithiothreitol and 500 ^M ATP. About 0.1 fig of the DNA linker mentioned above was added to the mixture, 
followed by addition of 6 units of T4 DNA ligase. Ligation reaction was carried out at 4* C for 17 hours. 
Escherichia coli HB101 was transformed using the resulting recombinant piasmid mixture by conventional 
technique to obtain an Ap R colony. A piasmid, pGKA2 illustrated in Fig. 1 was isolated from the culture 
broth of the colony. The structure of pGKA2 was confirmed by the digestion with EcoRI, Clal, Hindlll, BstNI 
and Sail and agarose gel electorophoresis. It was confirmed by the method of Maxam-Gilbert that the DNA 
sequence from the SD-sequence (AAGG) to the initiation codon (ATG) in the piasmid pGKA2 was 
" AAGG GTATCGATAAGCTTATG". 

Escherichia coli strain containing pGKA2 has been deposited with FRI as Escherichia coli IGKA2 (FERM 
BP-496). ■ 



Reference Example 3 



Construction of piasmid pGBD1 having BamHI cleavage site downstream from IFN- y gene: 

In this example, 2 ^g of piasmid p!FN 7 -G4 (3.6 Kb) was dissolved in 50 pi (total volume) of a solution 
containing 20 mM Tris-HCI (pH 7.5), 10 mM MgCI 2 , 10 mM dithiothreitol and 50 mM NaCI (referred to as 



Hindlll BstNI 
Met Cys Tyr Cys 




5 1 A G C T T h J T G TGTTACTGCC3' 



(18-mer) 
(15-mer) 



3 f ATACACAATGACGGT 



5' 
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"Y-50 buffer solution" hereinafter). Then, 4 units of restriction enzyme Pvull was added and digestion 
reaction was carried out at 37' C for 2 hours. The digest was subjected to purification by LGT method to 
obtain 1 *g of a DNA fragment (3.6 Kb) of p!FNy-G4. 0.1 P g of the DNA fragment and 5 pmoles of 5'- 
phosphorylated BamHI- linker (5'-pCCGGATCCGG-3': product of Collaborative Research, Inc.) were iigated 

s at 4 C for 18 hours with 2 units of T4 DNA ligase in 20 fit of T4 DNA ligase buffer solution. 

Escherichia coli HB101 [Bolivar, et al.: GENE 2, 75 (1977)] was transformed using the thus obtained 
recombinant plasmid DNA by the method of Cohen, et al. [S.N. Cohen, et a!.: Proc. Natl. Acad. Sci. USA 
69, 2110 (1972)] to obtain an Ap R colony. Plasmid DNA was isolated fromlhe transformant by the known 
method [H.C. Birnboim. et aJ: Nucleic Acids Res., 7, 1513 (1979)]. The DNA was digested with restriction 

fo endonucleases such as BamHI and its structure was analyzed to recognize that recombinant plasmid 
pGBD1 wherein BamHI linker was inserted into Pvull site of p!FNy-G4 was obtained. Escherichia coli strain 
carrying plasmid pGBD1 has been deposited with FRI as Escherichia coli IGBD1 (FEB BP-394). 



75 Reference Example 4 



Construction of recombinant plasmid pGVLIO coding for 1-Ser-IFN-y: 

In this example, 6 fig of pGBD1 DNA obtained in Reference Example 3 was dissolved in 50 fit of Y-50 
buffer solution. 10 units of Sinl was added and digestion reaction was carried out at 37* C for 3 hours. Then, 
NaCI was added to a final concentration of 100 mM and 10 units of BamHI was added. Digestion reaction 
was carried out at 37' C for 3 hours. 0.8 fig of a DNA fragment of about 850 bp containing a large portion of 
the human IFN- 7 DNA was obtained from the reaction solution by LGT method. 

Separately, 3 F g of pKYP10 DNA prepared by the method described in Japanese Published Unex- 
amined Patent Application No. 110600/83 was dissolved in 40 ?l (total volume) of Y-50 buffer solution and 
5 units each of Hindi!! and BamHI were added. Digestion reaction was carried out at 37 *C for 3 hours. 
From the reaction solution, about 1.8 fig of a DNA fragment of about 4.3 Kb containing tryptophan promoter 
(Ptrp) was obtained by LGT method. 

Mature human lFN- 7 polypeptide has the N-terminal structure of Cys-Tyr-Cys-. In order to change the 
first Cys to Ser and to furnish an initiation codon (ATG) necessary for expression just before the first Se, the 
following DNA linker was synthesized. 



35 



40 



Hindlll Sinl 
Met |Ser| Tyr Cys Gin 
AGCT flATG] TCT TAC TGC CAG 
ATAC AGA ATG ACG GTC 



3' 20- 
CTG |s f 19-: 



20-mer 
mer 



Two single chain DNAs of 20-mer and 19-mer were synthesized by a conventional triester method. 
Then, 2 M g each of the 20-mer and 19-mer DNAs were dissolved in 40 (total volume) of a solution 
45 containing 50 mM Tris-HCi (pH 7.5), 10 mM MgCI 2 . 5 mM dithiothreitol, 0.1 mM EDTA and 1 mM ATP. 30 
units of T4 polynucleotide kinase was added and phosphorylation reaction was carried out at 37 "C for 60 
minutes. 

0.5 fig of the Sinl-BamHI fragment of about 850 bp derived from pGBD1 and 1.0 fig of the Hindlll- 
BamHI fragment of about 4.3 Kb of the expression vector pKYP10 which were obtained above were 
so dissolved in 25 pi of T4 DNA ligase buffer solution. About 0.1 ^g of the DNA linker mentioned above was 
added to the mixture, followed by addition of 6 units of T4 DNA ligase. Ligation reaction was carried out at 
4 C for 17 hours. 

^ Escherichia coli HB101 was transformed using the resulting recombinant plasmid mixture to obtain an 
Ap colony. A plasmid, pGVLIO illustrated in Fig. 2 was isolated from the culture broth of the colony. The 
55 structure of pGVLIO was confirmed by the digestion with EcoRI, Clal, Hindlll and BamHI and agarose gel 
electrophoresis. It was confirmed by the method of Maxam-Gilbert that the DNA sequence from the Hindlll 
site to the Sinl site in the plasmid pGVLIO was as follows. 
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Hindlll 



SinI 



Met Ser Tyr Cys Gin 
AGCT TATG TCT TAC TGC CAG 
ATAC AGA ATG ACG GTC 



Asp 
,GAC 
CTgJ 



The human IFN-y polypeptide encoded by pGVLIO (the derivative is named 1-Ser-lFN- 7 ) is clearly 
10 different from the known human FN-7 polypeptide in that the first Cys of the mature human IFN-7 is 
replaced with Ser. - Escherichia coli strain carrying plasmid pGVLIO has been deposited with FRI as 
Escherichia coli IGVL1 0 (FERM BP^544). 



75 Reference Example 5 

Construction of recombinant plasmid pGVM101 coding for 3-Ser-lFN-7i 

20 . In this example, 6 ^g of pGBD1 DNA obtained in Reference Example 3 was dissolved in 50 p i of Y-50 
buffer solution. 10 units of SinI was added and digestion reaction was carried out at 37* C for 3 hours. Then. 
NaCI was added to a final concentration of 100 mM and 10 units of BamHI was added. Digestion reaction 
was carried out at 37° C for 3 hours. 0.8 pg of a DNA fragment of about 850 bp containing a large portion of 
the human I FN-7 DNA was obtained from the reaction solution by LGT method. 

25 Separately, 3 of pKYP10 DNA prepared by the method described in Japanese Published Unex- 
amined Patent Application No. 110600/83 was dissolved in 40 pi (total volume) of Y-50 buffer solution and 
5 units each of Hindlll and BamHI were added. Digestion reaction was carried out at 37 *C for 3 hours. 
From the reaction solution, about 1.8 jag of a DNA fragment of about 4.3 Kb containing tryptophan promoter 
(P lrp ) was obtained by LGT method. 

30 Mature human IFN-7 polypeptide has the N-terminal structure of Cys-Tyr-Cys-. In order to change the 
third amino acid (Cys) to Ser and to furnish an initiation codon (ATG) necessary for expression just before 
the first Cys, the following DNA linker was synthesized. 

35 Hindlll SinI 

Met Cys Tyr lSer| Gin 

AGCT TlATGl TGC TAC TCT CAG | 

3 1 j ATAC ACG ATG AGA GTC CTG j 5 1 19-mer 



3' 20-mer 



Two single chain DNAs of 20-mer and 19-mer were synthesized by a conventional triester method. 
Then, 2 ^g each of the 20-mer and 19-mer DNAs were dissolved in 40 p.1 (total volume) of a solution 
45 containing 50 mM Tris-HCI (pH 7.5), 10 mM MgCI 2 , 5 mM dithiothreitoi, 0.1 mM EDTA and 1 mM ATP. 30 
units of T4 polynucleotide kinase was added and phosphorylation reaction was carried out at 37° C for 60 
minutes. 

0.5 tig of the Sinl-BamHI fragment of about 850 bp derived from pGBD1 and 1.0 fig of the Hindlll- 
BamHI fragment of about 4.3 Kb of the expression vector pKYP10 which were obtained above were 
50 dissolved in 25 fit of T4 DNA iigase buffer solution. About 0.1 ^g of the DNA linker mentioned above was 
added to the mixture, followed by addition of 6 units of f 4 DNA Iigase. Ligation reaction was carried out at 
4*Cfor 17 hours. 

Escherichia coli HB101 was transformed using the resulting recombinant plasmid mixture to obtain an 
Ap R colony. A plaimid, pGVMlOl illustrated in Fig. 3 was isolated from the culture broth of the colony. The 
55 structure of pGVM101 was confirmed by the digestion with EcoRl, Clal, Hindlll and BamHI and agarose gel 
electrophoresis. It was confirmed by the method of Maxam-Gilbert that the DNA sequence from the Hindlll 
site to the SinI site in the plasmid pGVM101 was as follows. 
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Hindlll SinI 



Met Cys Tyr Ser Gin 

AGCT TATG TGC TAC TCT CAG 



Asp 
GAC 



ATAC ACG ATG AGA GTC CTG 



The human IFN-y polypeptide encoded by pGVM101 (the derivative is named 3-Ser-lFN-y) is clearly 
different from the known human IFN-7 polypeptide in that the third amino acid (Cys) of the mature human 
IFN-7 is replaced with Ser. Escherichia coli strain carrying plasmid pGVM101 has been deposited with FRI 



as Escherichia coii IGVM101 (FERM BP-545). 



Reference Example 6 

Construction of recombinant plasmid pGVK13 coding for 1 ,3-Ser-IFN-7: 

In this example, 6 pg of pGBD1 DNA obtained in Reference Example 3 was dissolved in 50 ft I of Y-50 
buffer solution. 10 units of SinI (product of Bio Tec Co.) was added and digestion reaction was carried out 
at 37* C for 3 hours. Then, NaCI was added to a final concentration of 100 mM and 10 units of BamHI was 
added. Digestion reaction was carried out at 37 °C for 3 hours. About 0.8 jtg of a DNA fragment of about 
850 bp containing a large portion of the human IFN-7 DNA was obtained from the reaction solution by LGT 
method. Separately, 3 fig of pKYP10 was dissolved in 40 ft I (total volume) of Y-100 buffer solution and 5 
units each of Hindlll and BamHI were added. Digestion reaction was carried out at 37* C for 3 hours. From 
the reaction solution, abut 1 .8 fig of a DNA fragment of about 4.3 Kb containing P, rp was obtained by LGT 
method. 

Mature human IFN-7 polypeptide has the N-terminal structure of Cys-Tyr-Cys-. In order to change the 
first and third amino acids (Cys) to Ser and to furnish an initiation codon (ATG) necessary for expression 
just before the first Ser, the following DNA linker was synthesized. 



Hindlll SinI 
Met |Ser| Tyr |Ser| Gin 
AGCT flATGl TCT TAC TCT CAG m 

ATAC AGA ATG AGA GTC CTG J 5 1 19-: 



20-mer 
mer 



Two single chain DNAs of 20-mer and 19-mer were synthesized by a conventional triester method. 
Then, 2 fig each of the 20-mer and 19-mer-DNAs were dissolved in 40 pi (total volume) of a solution 
containing 50 mM Tris-HCI (pH 7.5), 10 mM MgCI 2l 5 mM dithiothreitol, 0.1 mM EDTA and 1 mM ATP. 30 
units of T4 polynucleotide kinase was added and phosphorylation reaction was carried out at 37* C for 60 
minutes. 

Then, 0.4 ^g of the Sinl-BamHI fragment of about 850 bp derived from pGBD1 and 1.0 ftg of the Hindlll- 
BamHI fragment of about 4.3 Kb of the expression vector pKYP10 which were obtained above were 
dissolved in 25/rI of T4 DNA ligase buffer solution. About 0.1 fig of the DNA linker mentioned above was 
added to the mixture, followed by addition of 6 units of T4 DNA ligase. Ligation reaction was carried out at 
4* C for 17 hours. 

Escherichia coli HB101 was transformed using the resulting recombinant plasmid mixture to obtain an 
Ap R colony. A plasmid, pGVK1 3 illustrated in Fig. 4 was isolated from the culture broth of the colony. The 
structure of pGVK13 was confirmed by the digestion with EcoRi, Hindlll, Clal and BamHI- and. agarose gel 
electrophoresis. It was confirmed by the method of Maxam-Gilbert that the DNA sequence from the Hindlll 
site to the SinI site in the plasmid pGVR13 was as follows. 
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Hindlll 



SinI 



Met Ser Tyr Ser Gin 
AGCT TATG TCT TAC TCT CAG 



Asp 
GAC 



The human IFN-7 polypeptide encoded by pGVK13 (the derivative is named 1 ,3-Ser-IFN-7) is clearly 
different from the known human IFN-7 polypeptide in that the first and third amino acids (Cys) of the mature 
10 human IFN-7 are replaced with Ser. Escherichia coll strain carrying plasmid pGVK1 3 has been deposited 
with FRi as Escherichia coli IGVK13 (FERM BP-432). 



75 Claims 

1. Derivatives of a human interferon- 7 polypeptide having the formula. 137-Cys-IFN-7(A1 38- 146), 1-Ser- 
137-Cys-IFN-7(A138-146 ), or 3-Ser-137-Cys-IFN-7(A138-146), and being encoded by the recombinant 
plasmid pGVT137 (FERM BP-547), pGNC5 (TERM BP-550) and pGNB4 (FERM BP-549), respectively. 

20 

2. The recombinant plasmid pGVT137 (FERM BP-547), pGNC5 (TERM BP-550) or pGNB4 (FERM BP- 
549). 

3. A microorganism transformed with a recombinant plasmid according to Claim 2 which is Escherichia 
25 coli IGVT137 (FERM BP-547), Escherichia coli IGNC5 (FERM BP-550) or Escherichia coli 1GNB4 

(FERM BP-549). ___ _ 

4. A process for producing a derivative of a human interferon-7 polypeptide according to Claim 1 which 
comprises culturing in a medium a microorganism according to Claim 3, said microorganism being 

30 capable of expressing the incorporated DNA fragment, accumulating said polypeptide in the culture 
medium and recovering said polypeptide therefrom. 

Claims for the following Contracting State: AT 

35 1. The recombinant plasmid pGVT137 (FERM BP-547), pGNC5 (TERM BP-550) or pGNB4 (FERM BP- 
549). 

Z A microorganism transformed with a recombinant plasmid according to Claim 2 which is Escherichia 
coli IGVT137 (FERM BP-547), Escherichia coli IGNC5 (FERM BP-550) or Escherichia coli IGNB4 
40 (FERM BP-549). • 

3. A process for producing a derivative of a human interferon-7 polypeptide having the formula 137-Cys- 
IFN-7 (A1 38-1 46) , 1-Ser-137-Cys-1FN- 7 (A138-146), or 3-Ser-137-Cys-IFN-7(A138-146), and being 
encoded by the recombinant plasmid pGVT137 (FERM BP-547), pGNC5 (FERM BP-550) and pGNB4 
45 (FERM BP-549), respectively, said process comprising culturing in a medium a microorganism 
according to Claim 2, said microorganism being capable of expressing the incorporated DNA fragment, 
accumulating said polypeptide" in the culture medium and recovering said polypeptide therefrom. 



50 Revendications 

1. Derives de polypeptide interferon-7 humain ayant la formule 137-Cys-IFN- 7 (A138-146), 1-Ser-137-Cys- 
IFN-7 (A1 38-1 46) ou 3-Ser-137-Cys-IFN- 7 (A138-146) et codes respectivement par le plasmide recom- 
binant pGVT137 (FERM BP-547), pGNC5 (FERM BP-550) ou pGNB4 (FERM BP-549). 

55 

2. Plasmide recombinant pGVT137 (FERM BP-547). pGNC5 (FEBM BP-550) ou pGNB4 (FERM BP-549). 

3. Microorganisme transforme par un plasmide recombinant conforme a la revendicaiion 2, qui est 



16 



EP 0 170 917 B1 



Escherichia coli IGVT137 (PERM BP-547), Escherichia coii IGNC5 (FERM BP-550) ou Escherichia coli 
IGNB4 (FERMBP-549). 

4. Precede* de production d'un derive de polypeptide interferon-/ humain conforme a la revendication 1 , 
s qui comprend ia culture, dans un milieu, d'un microorganisme conforme a la revendication 3, ledit 
microorganisme etant capable d'exprimer le fragment d'ADN incorpore, ''accumulation dudit polypepti- 
de dans le milieu de culture et la recuperation audit polypeptide a partir de ceiui-ci. 

Revendications pour PEtat contractant suivant AT 

70 

1. Piasmide recombinant pGVT137 (FERM BP-547), pGNC5 (FERM BP-550) ou pGNB4 (FERM BP-549). 

2. Microorganisme transform^ par un piasmide recombinant conforme a la revendication 2, qui est 
Escherichia coli IGVT137 (FERM BP-547), Escherichia coli IGNC5 (FERM BP-550) ou Escherichia coli 

75 IGNB4 (FERM BP-549). 

3. Procede de production d'un derive de polypeptide interferon-/ humain ayant la formule 137-Cys-IFN-y 
(A1 38-1 46), 1-Ser-137-Cys-iFN-7(A138-146y ou 3-Ser-137-Cys-IFN- 7 (A138-146) et code respective- 
ment par le piasmide recombinant pGVT137 (FERM BP-547), pGNC5 (FERM BP-550) ou pGNB4 

20 (FERM BP-549), ledit procede comprenant la culture, dans un milieu, d'un microorganisme conforme a 
la revendication 2, ledit microorganisme fitant capable d'exprimer le fragment d'ADN incorpore, 
I'accumulation dudit polypeptide dans !e milieu de culture et la recuperation dudit polypeptide a partir 
de celui-ci. 

Anspriiche 

1. Derivate eines menschlichen Interferon-y-Polypeptids, das die Formel 137-Cys-IFN- 7 (A138-146), 1-Ser- 
137-Cys-IFN-7(A138-146), Oder 3-Ser-137-Cys-IFN-7(A138-146) aufweist und vom rekombinanten Pias- 

30 mid pGVT137 (FERM BP-547), pGNCS (FERM BP-550) bzw. pGNB4 (FERM BP-549) codiert wird. 

2. Rekombinantes Plasmid pGVT137 (FERM BP-547), pGNCS (FERM BP-550) oder pGNB4 (FERM BP- 
549). 

35 3. Mikroorganismus transformiert mit einem rekombinanten Plasmid nach Anspruch 2, der Escherichia' coii 
IGVT137 (FERM BP-547), Escherichia coli IGNC5 (FERM BP-550) oder Escherichia coli 1GNB4 (FERM 
BP-549) ist. 

4. Verfahren zur Herstellung eines Derivats eines menschlichen lnterferon-7-Polypeptids nach Anspruch 1 , 
40 wobei man einen Mikroorganismus nach Anspruch 3 in einem Medium zuchtet und der Mikroorganis- 
mus das eingeschleuste DftA-Fragment exprimieren kann, das Polypeptid im Kulturrnedium ansammelt 
und es daraus gewinnt. 

Patentanspaiche fur folgenden Vertragsstaat: AT. 

45 

1. Rekombinantes Plasmid pGVT137 (FERM BP-547), pGNCS (FERM BP-550) oder pGNB4 (FERM BP- 
549). 

2. Mikroorganismus transformiert mit einem rekombinanten Plasmid nach Anspruch 2, der Escherichia coli 
50 IGVT137 (FERM BP-547), Escherichia coli IGNC5 (FERM BP-550) oder Escherichia coli IGNB4 (FERM 

BP-549) ist. 

3. Verfahren zur Herstellung eines Derivats eines menschlichen lnterferon-7-Polypeptids, das die Formel 
137-Cys-IFN- 7 (A138-146), 1-Ser-137-Cys-IFN- 7 (A138-146) oder 3-Ser-137-Cys-IFN- 7 (A138-146) auf- 

55 weist und vom rekombinanten Plasmid pGVT137 (FERM BP-547), pGNC5 (FERM BP-550) bzw. pGNB4 
(FERM BP-549) codiert wird, wobei man in dem Vefahren einen Mikroorganismus nach Anspruch 2 in 
• einem Medium zuchtet und der Mikroorganismus das eingeschleuste DN A- Fragment exprimieren kann, 
das Polypeptid in dem Kulturrnedium- ansammelt und es daraus gewinnt 
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